Measurements of elastic scattering cross sections are presented for positron collisions with helium, neon, argon, krypton and xenon around the threshold energy for positronium (Ps) formation. The elastic cross section falls slowly with increasing energy above the Ps formation threshold in helium and neon, whereas in argon, krypton and xenon it exhibits an increase which appears both more prominent and more sustained as the atomic number of the gas increases. It is proposed that this coupling is a result of an intermediate virtual Ps state which enhances branching into the (atom plus positron) final state.
I. INTRODUCTION
There have been many experimental studies of positron-atom scattering cross sections for collisions involving elastic scattering and the first inelastic process, involving the formation of positronium (Ps), the electron-positron bound state. 1, 2 Of particular interest in recent years has been the possibility of coupling between the cross sections for these two processes immediately above the threshold for Ps formation (E Ps , which is 6.8 eV -the ground-state Ps binding energy -below the first ionization potential E ion ).
It is difficult to calculate the two cross sections in the energy range from E Ps to E ion and theorists have taken the approach of subtracting experimental Ps formation cross sections (Q Ps ) from total cross sections (Q tot ), often measured at different times and with different apparatus. Following the early work of Campeanu et al., 3 Laricchia and co-workers published a series of papers combining theory and experiment in which the elastic cross section Q el exhibited a cusp-like behavior on positron energy around E Ps , 4 which generally falls with increasing energy above E Psan effect which is very small for He but which increases in magnitude as the atomic number of the scattering gas species increases.
Two experimental studies of positron-helium scattering have suggested that no cusp is observable (in agreement with ref. 4), 5, 6 but recently Coleman et al. 7 found a significant upward step in Q el in xenon at E Ps , and a possible smaller effect in argon. 
II. EXPERIMENTAL DETAILS
A schematic of the apparatus is shown in Fig. 1 . Basic experimental details were given in ref. 7 and so the modified system will only be summarized here. A 115 MBq and gas in the cell, for incident positron energies from 4eV below to 4eV above E Ps in helium, neon, argon, krypton and xenon. The gas densities were kept low enough so that A was less than ~ 15%, to reduce the probability of multiple scattering in the cell.
By increasing V R to (V M + 10) V the background count rate could be measured. Signal count rates were recorded by the MCS for each incident positron energy E, which was stepped automatically from (E Ps -4) to (E Ps +4) eV by controlling the moderator potential V M using the MCS ramp output.
A Ps , the attenuation due only to Ps formation, was measured by comparing signal vacuum and gas count rates with V R = 0 V, and the total attenuation A T due to all previously measured values of Q T and Q Ps for the five gases studied, as the energy dependence of Q el , rather than its absolute value, was the focus of the present work.
III. RESULTS AND DISCUSSION
The results for all five rare gases are shown in Fig.2 The results all show a change in Q el at E Ps . In He and Ne this change can be described as a small -but there is an indication in both gases that Q el exhibits a broad peak extending over several eV. In both gases this may be regarded as a reduction above E Ps in the small positive slope in Q el (E), which is more prominent in Ne as there is a more prominent upward trend in Q el below E Ps in this gas. These features are not dissimilar to the cusp-like features at E Ps discussed by Meyerhof and Laricchia, 4 except that the data indicate that the cusp-like feature is peaked at 1eV or so above E Ps , especially in He.
The data for Ar reproduce well our 2009 results near E Ps , with a small but pronounced peak in Q el occurring at ~ 1eV above E Ps . This difference is too large to be explained by incorrect assignment of positron energy, and indicates that, although cusp-like in shape, Q el (E) is does not have the expected maximum at E Ps . The broad peak can instead be thought of as an enhancement of Q el in the energy region between E Ps and the direct ionization threshold E ion , 6.8 eV higher.
This enhancement becomes more pronounced in Kr and Xe. While giving the impression of increasing in a step-wise fashion above E Ps , the increase may also be considered to be an enhancement between E Ps and E ion , especially if the underlying trend in Q el is a slow increase with increasing energy.
While above E Ps . We suggest that the enhancement of Q el is most marked just above E Ps , and as E increases towards E ion the branching into the two final states progressively favors Ps formation.
It is interesting to note that Weber et al. 14 observed elastic scattering of Ps from a LiF surface when only inelastic scattering was expected; they concluded that the imaginary part of the scattering potential, which mimics the inelastic channel, leads to much more elastic scattering than would be obtained from the real part of the potential by itself -implying that, in the present experiment, the onset of inelastic scattering would enhance the elastic scattering probability. This highly speculative proposal is clearly in need of careful theoretical consideration.
IV. CONCLUSIONS
The present experimental results confirm that there is coupling between elastic scattering and Ps formation above the Ps threshold energy, but that the most significant feature resulting from this coupling -at least in the heavier gases (Ar, Kr 
